Introduction
Atmospheric aerosols (AA) is dangerous to human health when the emission rate is presumably high. The water-soluble part of atmospheric aerosol particle originates from gas to particle conversion and consists of various kinds of sulphates, nitrates, organic and water--soluble substances. The soot is made-up of incombustible black carbon. Mineral aerosol or desert dust consists of a mixture of quartz and clay minerals. Antarctic aerosol or sulphate aerosol consists of a large amount of sulphate, that is, 75% H 2 SO 4 . When AA is inhaled in large volume/quantity, it deposits in the lungs and undergoes chemical changes, particularly when passing through the lungs to other sensitive organs of the body. Hence, aside respiratory dysfunction, inhalation of atmospheric aerosols may lead to cancer, arrhythmias, atrial fi brillation, acute coronary syndromes, cardiovasculer malfunction etc.
The science of the aerosol transport through the lungs is known (Newman, Clark, Talaee & Clarke,1989; Hofmann & Koblinger, 1992; Edwards, 1995; Goikoetxea et al., 2014) as well as the perculiarity of aerosol loading over West Africa (Emetere, Akinyemi & Akinojo, 2015; Emetere 2016a, b, c) where the research site is located. In this study, we are interested in documenting numerical values of the current state of aerosol loading into the atmosphere, its sizes and the deposition effi ciency of the atmospheric aerosols into human lungs. This information is very vital for furture work over Dapaong-Togo.
Experimental design, materials and methods
Dapaong is located on latitude 10.8733° N and longitude 0.2010° E as shown on the Google map (Fig. 1) . The primary data was obtained from Multi--angle Imaging Spectro-Radiometer (MISR). The aerosol retention and loading were obtained using the West African regional scale dispersion model (WASDM). This model has been proven to be reliable for calculating aerosol loading over the West African region. It is mathematically given as (Emetere, 2016b) : (1) a is atmospheric constant gotten from the fi fteen years aerosol optical depth (AOD) dataset from MISR, n is the tuning constant, τ (λ) is the AOD of the area and ψ (λ) is the aerosol loading. The digital voltage and Angstrom parameters of the study area can be obtained from Equations (2) and (3) ( 2) where I is the solar radiance over the SPM detector at wavelength λ = 555 nm, I o is the is a measure of solar radiation behind the atmosphere, R is the mean Earth-Sun distance in astronomical units, τ is the total optical depth (in this case, the average of the each month is referred to as the total AOD, and m is the optical air mass. dIn( ) dIn( ) where α is the Angstrom parameter, τ is the aerosol optical depth, and λ is the wavelength. The radius of the particles for atmospheric aerosol was calculated using proposals by Kokhanovsky et al. (2006) . The analysis of Equations (1-3) was done using the C++ codes, Surfer software and Excel. The aerosols deposition into the human lungs (Fig. 2 ) has been modelled as documented in Martonen and Zhang (1992) , Darquenne and Kin (2004) , Varghese and Gangamma (2006) , Goikoetxea et al. (2014) and Ching and Kajino (2018 
where η is the deposition effi ciency, Q volumetric fl ow rate, D is the diffusion coeffi cient of the particle, D p is the particle density and is the particle diameter.
The fl owchart that summarized the methodology adopted to execute this research work is highlighted in Figure 3 .
Results and discussion
Aerosol loading parameters are shown in Figures 4 and 5. The aerosol loading is high and almost constant at about 0.96 throughout fourteen years. This is an evidence that the source of the aerosol loading is sustainably infl uencing the risk of human to respiratory dysfunction. From literature, the sources of pollution is Sahara dust and anthropogenic pollution. The anthropogenic pollution may be inferred from the Google map presented in Figure 1 . The anthropogenic sources include bush burning, automobile gas emission, domestic fuel burning FIGURE 2. The respiratory component of the human being (Hofmann and Koblinger, 1992) FIGURE 3. Flowchart of the research methodology (e.g. fi re wood, charcoal, kerosene etc.) and industrial emission. In Figure 4 , the highest aerosol loading for fourteen years was found to occur in March 2004. However, in 2013, the highest aerosol loading was found to be in the month of May. This may be due to climate change and it is an evidence of a dismal rainfall pattern over the area. In Figure 5 , it was observed that the transient nature of the aerosol loading over the research area was between January and May. This result partly shows the period where Sahara dust fl ow is highest. The dominant pollutant can be traced from the Angstrom exponent, which describes the dependency of the aerosol optical thickness or aerosol extinction coefficient on wavelength. So when the Angstrom exponent is < 0.1, the aerosols is likely black carbon, when the Angstrom exponent is > 0.1, the aerosols is a mixture of black carbon, dust and unknown pollutants. The lowest aerosol loading ever recorded was in March 2005 (Figs. 6 and 7). Over two decades, the aerosol loading is lowest between February and May while the highest aerosol loading is between June and January. It has been proven that precipitation rate lowers the aerosol loading in the atmosphere (Emetere, 2016a). The ANOVA of the aerosol loading is presented in Table 1 . The coeffi cient of multiple determination is given as 0.35988. The result in Table 1 further show that the source of the pollution is sustainable over fi fteen years.
Some scientists have shown that the sizes of pollutants determine the danger that maybe encountered during inhalation of atmospheric aerosols. For example, Yu and Xu (1987) and Ching and Kajino (2018) worked on the regional and total deposition of 200 nm particles in the lungs of children and adult. It was observed that the total deposition in the tracheo-bronchial has risen by a factor of 20% in children relative to adults. This ascertion was experimentally validated by Bequemin, Yu, Roy and Bouchikhi (1990) and Schiller-Scotland, Hlawa, Gebhardt, Wönne and Heyder (1992) . This was the motivation for the estima-tion of the aerosol/particulate radius over Dapaong. The aerosol radius fl uctuated all through fi fteen years (Fig. 6 ). The largest aerosol radius was found in March 2005 when the aerosol loading is presumably low. It leads to the fi rst hypothesis that low aerosol loading indicates that the sizes of the aerosols is large. Hence at high aerosol loading, the aerosol radius is very small to penetrate the nostrils into the lungs. In the research area, soot from anthropogenic sources is more and visible via its deposition on surfaces of leaves and roofs. The coeffi cient of multiple determination is given as 0.445. The ANOVA shown in Table 2 depicts that the aerosol radius is presumably low to affect respiratory process in human.
In Figures 8-10 , we show the spatial distribution of aerosol optical depth, aer- osol loading and aerosol radius. The aerosol optical depth distribution reveals that the main pollution source in Dapaong is the agrarian area (Fig. 8) and consistent. The standard error show that the dataset is very reliable in taking a confi dent conclusion. Due to forces of wind and advection, the aerosol loading shifts in the opposite direction (Emetere, 2016) where there is human settlement (north-east of Fig. 9 ). Like the AOD, the spatial distribution of the aerosols radius is in tandem to the pollution sources (Fig. 10) . Hence, it is confi rmed from The last section focus on how this atmospheric aerosol affects human population in Dapaong. The deposition effi ciency was estimated using Equation (4). The D p was substitute with the aerosol radius that was calculated in Figure 6 . It is observed in Figure 11 that the highest deposition effi ciency into human lungs occurred in 2000 and 2001. However, it has been very consistent in eleven years. The consistent value of the deposition effi ciency is 0.955. If an assumption is made that the deposition effi ciency over Dapaong between 
Conclusions
Through a systematic investigation, it was affi rmed that the main source of pollution over Dapaong is bush and do-mestic fuel burning (June to December) and Sahara dust (January to May). It was observed that the sources of pollution have been very consistent over two decades. The largest aerosol radius was found when the aerosol loading is presumably low. Hence, at high aerosol loading, the aerosol radius is very small to penetrate the nostrils into the lungs. The depositional effi ciency of aerosols was estimated as 0.955. If an assumption is made that the deposition effi ciency over Dapaong between 2002-2018 is true, then the report given by Borgen project (that 20% of deaths in Togo is caused by respiratory diseases) may be adjudged as very true.
